A high-performance continuous-flow analyser is used for the analysis of nitrate, nitrite and ammonium ion in potable waters.
Introduction
In two recent papers [1 and 2] a novel approach to non-segmented continuous-flow analysis was described in which a computer controlled valve switching system was used to permit the precise mixing of sample and reagents for selection reaction analysis. An improved version of the apparatus, which employed a computercontrolled colorimeter, provided excellent sample throughput and sensitivity, and several of the advantages offered by the new technique were discussed. In this paper one of those advantages is demonstrated, namely the ability to perform sequential analyses for different analytes without requiring modification to the apparatus. The technique is demonstrated using the analyses of nitrate, nitrite and ammonium ions in a variety of water samples.
Several reports [3] [4] [5] [6] have described flow-injection analysis (FIA) systems for the determination of nitrate and nitrite ion in aqueous systems, either simultaneously or sequentially. In most cases Shinn's reaction is used for the determination of nitrite ion, and nitrate ion is determined in the same way after initial reduction to nitrite. This illustrates the point that such sequential determinations by FIA are generally possible only when the same reagent may be used in each determination, or when the same manifold could be employed for the determination of different analytes at the required levels. Thus most of the previous sequential NO2-/NO3-determinations have been similar, as widely varying analyte concentrations normally involve changes to the manifold. Nitrate/nitrite determinations are generally performed under acidic conditions while the determination of ammonium ion is normally achieved using the Berthelot reaction [7] 
Experimental
The instrument [1, 2] used in these experiments has remained much as described previously [2] , although two additional valves have been incorporated in the manifold for the reasons discussed below, and the layout of the manifold is now as illustrated in figure 1 . Furthermore, the variable wavelength visible absorbance monitor was fitted with a 2"5 cm path length flow cell for these experiments.
Carrier, reagent and sample flows were controlled using solenoid valves connected together as a manifold using 1/16th in od, 0"023 in id PTFE tubing. Valves ultimately to the detector. Once the reaction mixture was in the reaction tube, valve 6 could be opened to stop the flow for a precisely controlled reaction time. As the reaction tube was maintained at a user-specified temperature, a wide variety of reaction times and temperatures could be employed to accommodate a range of reaction chemistries. After a timed reaction period valve 6 was opened and the reaction mixture passed through the detector system and to waste. For the reaction systems described below the flows were produced using a gas pressure of 20 psig which generated a liquid flow rate of approximately 5 ml rain-1 at the detector waste.
A particularly useful modification of these reaction procedures involves the measurement of the reaction product concentration in the tail end of the reaction mixture, as illustrated in figure 3 . The reagent-sample pattern generated in the manifold was that illustrated in figure 2(a) (maximum sensitivity mode), and after passage through the reaction coil the profile of the reaction product concentration would have the appearance shown in figure 3. with statistical data when replicate determinations had been specified. figure 6 .
The procedures for these analyses and the typical sample throughputs are summarized in table 1. Results and discussion Trials of the system were carried out using eight drinking water samples, some ofwhich were collected from various parts of the UK and others of which were samples kindly provided by the Laboratory of the Government Chemist (LGC). Table 2 shows the results obtained for nitrate [10] carried out nitrate analyses and achieved a range of 1-10 ppm with a throughput of 40 ml samples per hour, and Nakashima et al. [11] achieved a range of 0-7-100 ppb for nitrite ion using 30 x 0"65 ml samples per hour (although using a different reaction from the one employed in this work). A variety of analyte ranges and sample throughputs for these analytes have been summarized [12] . programmed to incorporate an independent dilution factor as described above (or to use the in-line dilution technique described previously [2] ).
